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I. Real Party in Interest. 

The Real Party in Interest is Intel Corporation, 2200 Mission College Blvd., 
Santa Clara, CA, assignee of the inventors' entire interest. 

II. Related Appeals and Interferences. 

None. 

III. Status of the Claims. 

Qaims 1-13 and 32 stand finally rejected and are the subject of this 
Appeal. Claims 14-31 have been cancelled. 

IV. Status of Amendments. 

The Amendments submitted October 10, 2006 have been entered. 

V. Summary of Claimed Subject Matter. 

Embodiments of the invention relate to methods and devices that are 
capable of separating molecules from one another based, in part, on the physical 
size and shape of the molecules. The separation techniques and devices are 
amenable to integration into a lab-on-a-chip type device. A lab-on-a-chip device 
is typically a device that performs one or more processes related to a micro- or 
nano-scale analytical or synthesis process (or other typical laboratory functions) 
on a single small platform. The platform is t5^ically a chip of only square 
millimeters to a few square centimeters in size. Lab-on-a-chip type devices can 
be designed to handle extremely small fluid voltmies, down to less than pico 
liters. For example, an integrated analytic device might include a sample 
injection port or addition well, and one or more areas for separating components 
of the sample from each other, and one or more areas or devices for detecting 
components of the sample. The detection of the components of the sample can 
occur through chemical reaction, selective labeling of the components and 
detection of the label(s), spectroscopy, or a combination of techniques. 
Advantages of lab-on-a-chip devices include automated sample processing and a 
need for only small amoimts of sample and reagents in order to perform an 
analysis. 
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Typically, a sample collected for analysis, such as a bodily fluid, contains a 
variety of components. Frequently it is desirable to separate the sample into its 
constituent parts in order to analyze the sample. Separating a sample into a 
plurality of constituent parts increases the sensitivity, accuracy, and 
reproducibility of detection techniques. 

Embodiments of the present invention provide devices and methods that 
allow molecules to be separated from one another on the basis of the size and 
shape of the molecules. The molecules having differing sizes and shapes are 
separated from one another by causing the molecules in solution to traverse a 
non-linear lengthy path. Molecules that are larger and more inconveniently 
shaped (i.e., molecules that have a larger effective diameter) will take longer to 
traverse the tortuous path than smaller molecules having sleek shapes that are 
capable of more readily moving with a solution flowing through the channel. 
Thus, allowing a solution-based sample comprising different molectdes to 
traverse a tortuous route will cause the molecules to separate from one another 
and smaller molecules will emerge from the tortuous path more quickly than 
larger molecules. 

Referring now to Figure 5 from the application (provided below), a non- 
linear path (shown as a line with arrows) is created by the placement of two 
substrates (10 and 20) having a plurality of channels (14 and 24, respectively) so 
that the channels 14 from the first subsfrate 10 are in fluid connection with the 
channels 24 from the second subsfrate 20. Each channel of the first subsfrate 14 is 
misaligned relative to the channels 24 of the second subsfrate. With the 
application of a force, such as gravity, pressure, or an electric field, molecules 
within a solution are required to zigzag through a tortuous path created by the 
misaligned channels (14 and 24). These physical constrictions impart a sieving 
capability to the 2-subsfrate stack. The speed at which a particular molecule 
fraverses from one end of the apparatus to the other depends upon the molecular 
weight and three-dimensional structure of the molecule (i.e., the effective 
diameter of the molecule). 
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Table 1 provides a listing of independent claims and separately argued 
dependent claims. References to the specification are provided for the claims in 
Table 1. 

Table 1 



Claim 


Specification Reference 


1. An apparatus comprising first and second 
substrates, each of the substrates having a 
suj-face containing at least about 1000 open, 
nanoscale channels disposed therein, the 
surfaces bonded together such that each of the 
channels of the first substrate is in fluid 
communication with at least two of the 
channels of the second substrate and is 
misaligned relative to the channels of the 


Figures 1-5, paragraphs [0015J- 
[0017], [0021]-[0022], [0029], and 
[0033]-[0039] 
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second substrate; and wherein the fluid 
communication between channels creates a 
continuous nonlinear pathway for a fluid to 
flow altematingly between the channels of the 
first substrate and the channels of the second 
substrate. 




12. The apparatus of claim Error! Reference 
source not found., wherein the third and 
fourth substrates comprise silicon oxynitride. 


Figures 1-5, paragraphs [0015]- 
[0017], [0021]-[0022], [0029], and 
[0031]-[0039] 


13. The apparatus of claim 1, wherein the 
channels of the first substrate are misaligned 
relative to the channels of the second 
substrate by an angle of about 0.05° to about 
45°, the angle defined by an intersection of a 
channel of the first substrate and a channel of 
the second substrate. 


Figures 1-5, paragraphs [0015]- 
[0017], [0021]-[0022], [0029], and 
[0033]-[0039] 


32. The apparatus of claim 1 also including 
electrodes disposed such that the electrodes 
are capable of creating an electric field along a 
length of the path traveled by a liquid flowing 
through the continuous nonlinear pathway. 


Figures 1-5, paragraphs [0015]- 
[0017], [0021]-[0022], [0029], 
[0032]-[0039] 



VI. Grounds of Rejection to be Reviewed on Appeal. 

The grounds of rejection for review are: 

(1) claims 1-11 stand rejected under 35 U.S.C. §103(a) as being 
unpatentable over Ramsey et al (US 2005/0103713), 

(2) claims 12 and 13 stand rejected under 35 U.S.C. §103(a) as being 
unpatenable over Ramsey et al (US 2005/0103713) and further in view of 
WO 96/12541 (WO'541), and 

(3) claim 32 stands rejected tjnder 35 U.S.C. §103(a) as being impatenable 
over Ramsey et al (US 2005/0103713) and further in view of Swedberg et al. (US 
Pat. No. 5,571,410). 
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VIL Argument 

A. Rejections Under 35 U.S.C. S103(a) as Unpatentable over Ramsey et al. 
I. Argument for claims 1-11 

Claims 1-11 stand rejected over Ramsey et al (U.S. Application 
No. 2005/103713) under 35 U.S.C. §103(a). The final office action states that 
"Ramsey does not teach the number of channels in the substrate. However, the 
number of channels would depend on the functional requirements such as the 
number of samples to be treated, etc, and can be optimized. Discovery of an 
optimum value of a result effective variable in a known process is ordinarily 
within the skill of the art." (Final Office Action, mailed October 18, 2003, pp. 2-3) 
Applicants do not believe that Ramsey et al teaches a device that would work to 
separate a sample solution containing three or more molecules having different 
effective molecular diameters into three or more component molecular fractions. 
The present invention does not represent the discovery of workable ranges for a 
known device, it is the creation of a new device having different functionality. 
Further, the present invention is not obvious over Ramsey et al. because the 
devices of the present invention do not represent an optimization of a recognized 
result-effective variable. "A particular parameter must first be recognized as a 
result-effective variable, i.e., a variable which achieves a recognized result, before 
the determination of the optimum or workable ranges of said variable might be 
characterized as routine experimentation." M.P.E.P. §2144.05(n)(B) (Rev. 5, Aug. 
2006) citing In re Antonie, 559 F.2d 618, 195 USPQ 6 (CCPA 1977). Ramsey et al 
does not provide teaching that the number of channels in a device could lead to 
the separation of molecular components in a sample flowing through the 
channels of the device through the creation of "a continuous nonlinear pathway 
for a fluid to flow." Thus, because a number of channels creating "a continuous 
nonlinear pathway for a fluid to flow" is not taught in Ramsey et al. as a result- 
effective variable, the present invention is not obvious over Ramsey et al. 

Additionally, applicants do not believe that the present invention is 
obvious over Ramsey et al. because Ramsey et al. fails to disclose additional 
elements of the claims. To establish a prima facia case of obviousness, the prior 
art reference must, inter alia, "teach or suggest all of the claim limitations." 
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M.P.E.P. §2143 (Rev. 5, Aug. 2006). For example, Ramsey et al. fails to teach the 
creation of a non-linear path "wherein the fluid communication between 
channels creates a continuous nonlinear pathway for a fluid to flow altematingly 
between the channels of the first substrate and the channels of the second 
substrate." Thus because Ramsey et al. does not teach or suggest all of the daim 
limitations, claims 1-11 are not obvious over Ramsey et al. 

B. Rejections Under 35 U.S.C. gl03(a) as Unpatentable over Ramsey et al. 
in view of WO 96/ 12541 

i. Argument for claims 12 and 13 

Claims 12 and 13 stand rejected over Ramsey et al (U.S. Application 
No. 2005/103713) in view of WO 96/12541 (WO'541) under 35 U.S.C. §103(a). 
The final office action states that Qaim 12 differs from the material for the third 
and fourth substrates, silicon oxynitride... and WO'541 teaches depositing silicon 
oxynitride." And "[w]ith respect to claim 13, the angle between the channels of 
the first and second substrate is only a dimensional issue... and it would be 
obvious to one of ordinary skill in the art. . . to use the teaching of WO'451 in the 
teaching of Ramsey because of the benefits afforded by the design of WO'451." 
(Final Office Action, mailed October 18, 2003, pp. 3-4.) However, to establish a 
prima facia case of obviousness, the prior art reference must, inter alia, "teach or 
suggest all of the daim limitations." M.P.E.P. §2143 (Rev. 5, Aug. 2006). For the 
reasons discussed above in Section VII(A)(i), Ramsey et al does not render the 
daim 1 obvious because it fails to teach all the claim limitations, i.e., that Ramsey 
et al fails to disclose "at least about 1000 open, nanoscale channels" and a device 
wherein "the fluid commvmication between channels creates a continuous 
nonlinear pathway for a fluid to flow altematingly between the channels of the 
first substrate and the channels of the second substrate." The reference WO 
96/ 12541 does not remedy this defect in that it also does not disclose these 
missing elements. 

Additionally, WO 96/12541 does not teach a device that would work to 
separate a sample containing a plurality of molecules because it does not disclose 
nanochannels. As noted in the spedfication at [0015], "the term 'nanoscale 
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channel' refers to any void space in a surface of a substrate having a diameter in 
at least one direction of about one to about 500 nm." A nanometer is 10 ' meters. 
In contrast, the channels shown in WO 96/12541 are microscale charmels (10"* 
meters). Microscale channels would be several orders of magnitude too large to 
perform the molecular sieving functions of the present invention. The design of 
the present invention creates a tortuous path through nanoscale charmels on the 
molecular scale (nm), these nanometer scale physical constrictions impart 
molecular size-based sieving capacity. 

The further limitation of claim 13, that "the channels of the first substrate 
are misaligned relative to the channels of the second substrate by an angle of 
about 0.05° to about 45°, the angle defined by an intersection of a channel of the 
first substrate and a channel of the second substrate," is also not taught or 
suggested by the combination of Ramsey et al and WO 96/12541. Neither 
Ramsey et al nor WO 96/ 12541 teach or suggest a device capable of performing 
molecular separations for a sample containing three or more differently sized 
molecules, based on the effective diameter of the molecule. Therefore neither 
reference provides teaching or suggestion as to an effective geometry for the 
creation of a tortuous pathway for a sample volume to travel through a plurality 
of nanoscale channels. 

Thus, because Ramsey et al and WO 96/ 12541 do not teach or suggest all 
of the claim limitations, these references do not render claims 12 and 13 obvious. 

C. Rejections Under 35 U.S.C. ^103(a) as Unpatentable over Ramsey et al. 
in view of Swedberg et al (US Pat. No. 5.571.410) 
I. Argument for claim 32 

Qaim 32 stands rejected over Ramsey et al (U.S. Application 
No. 2005/103713) in view of Swedberg et al (US Pat. No. 5,571,410) under 
35 U.S.C. §103(a). The final office action states "using an electrode for sample 
transport and detection is know in the art as taught by Swedberg; one would use 
the teaching of Swedberg in the teaching of Ramsey for providing the motive 
force for a detector as taught by Swedberg." (Final Office Action, mailed October 
18, 2003, p. 4.) However, to establish a prima facia case of obviousness, the prior 
art reference must, inter alia, "teach or suggest all of the claim limitations." 
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M.P.E.P. §2143 (Rev. 5, Aug. 2006). For the reasons discussed above in Section 

VII(A)(i), Ramsey et al does not render the daim 1 obvious because it fails to 

teach all the claim limitations, i.e., that Ramsey et al fails to disclose "at least 

about 1000 open, nanoscale channels" and a device wherein "the fluid 

communication between channels creates a continuous nonlinear pathway for a 

fluid to flow altematingly between the channels of the first substrate and the 

channels of the second substrate." Swedberg et al does not remedy this defect in 

that it also does not disclose these missing elements. 

Thus, because Ramsey et al and Swedberg et al. do not teach or suggest all 

of the claim limitations, these references do not render daim 32 obvious. 

For the foregoing reasons, the rejections of claims 1-13, and 32 should be 
reversed. 

If necessary, the Commissioner is hereby authorized in this, concurrent 
and future replies, to charge payment or credit any overpayment to Deposit 
Account No. 02-2666 for any additional fees required under 37 C.F.R. §§ 1.16 or 
1.17, particularly extension of time fees. 

Respectfully submitted, 

INTEL CORPORATION 

Dated: July 19, 2007 . By 

Julia A. Hodge, Reg. No. 46,775 



12400 Wilshire Boulevard 
Seventh Floor 

Los Angeles, California 90025 
(310) 207-3800 
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VIII. Claims Appendix. 

1. (Previously Presented) An apparatus comprising first and second 
substrates, each of the substrates having a surface containing at least about 1000 
open, nanoscale channels disposed therein, the surfaces bonded together such 
that each of the channels of the first substrate is in fluid communication with at 
least two of the channels of the second substrate and is misaligned relative to the 
channels of the second substrate; and wherein the fluid communication between 
channels creates a continuous nonlinear pathway for a fluid to flow altematingly 
between the chaimels of the first substrate and the channels of the second 
substrate. 

2. (Previously Presented) The apparatus of claim 1, wherein the 
chaimels have equivalent and constant cross-sectional areas within a range of 
about 1 square nanometers (nm^) to about 10,000 nm^. 

3. (Previously Presented) The apparatus of claim 1, wherein the 
channels have equivalent and variable cross-sectional areas within a range of 
about 1 nm^ to about 10,000 nml 

4. (Original) The apparatus of claim 1, wherein each of said surfaces 
has at least about 1000 chaimels to about ten million channels disposed therein. 

5. (Original) The apparatus of claim 1, wherein each of the channels 
traverses an entire length of the surface. 

6. (Original) The apparatus of claim 1, wherein the channels of the 
first substrate are parallel to each other, and the channels of the second substrate 
are parallel to each other. 

7. (Original) The apparatus of claim 1, wherein the channels of the 
first substrate are spaced equidistant from each other, and the channels of the 
second substrate are spaced equidistant from each other. 
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8. (Original) The apparatus of claim 1, wherein the first and second 
substrates comprise one or more materials selected from the group consisting of 
quartz, silica, silicon, porous silicon, polysilicon, and porous polysilicon. 

9. (Original) The apparatus of claim 8, wherein the first and second 
substrates comprise quartz. 

10. (Original) The apparatus of claim 1, further comprising third and 
fourth substrates bonded to edge surfaces of each of the first and second 
substrates, the edge surfaces being substantially perpendicular to the channels. 

11. (Original) The apparatus of claim 10, wherein the third and fourth 
substrates comprise one or more materials selected from the group consisting of 
quartz, silica, silicon, porous silicon, polysilicon, porous polysilicon, and silicon 
oxynitride. 

12. (Original) The apparatus of claim 11, wherein the third and fourth 
substrates comprise silicon oxynitride. 

13. (Original) The apparatus of claim 1, wherein the channels of the 
first substrate are misaligned relative to the channels of the second substrate by 
an angle of about 0.05° to about 45°, the angle defined by an intersection of a 
channel of the first substrate and a channel of the second substrate. 

Qaims 14-31 (Canceled). 

32. (Previously Presented) The apparatus of claim 1 also including 
electrodes disposed such that the electrodes are capable of creating an electric 
field along a length of the path traveled by a liquid flowing through the 
continuous nonlinear pathway. 
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IX. Evidence Appendix. 
No submissions. 



X. Related Proceedings Appendix. 

None. 
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